A method was proposed to detect so called "texting while walking" from positions of human body 25 keypoints estimated by the OpenPose for a person in a video scene. The method was based on the fact that movements of human joints had some spatial correlation structures. Walking behaviors with or without using a smartphone were separated by the difference between the correlation structures. We evaluated the difference using a canonical correlation analysis applied to two covariance matrices calculated from pose vectors for both walking behaviors, respectively. The canonical score well separated the texting while walking from the normal one.
Introduction
With the spread of mobile phones and the increasing of smart applications, so called texting while walking, that is, using smartphone while walking has come to be seen everywhere. In places where many people gather, such as a station, using smartphone while walking may cause an accident such as collision with another person or injury in some cases, such as falling from the platform to the track. For avoiding those dangers, we should detect person using smartphone while walking, and warn to stop the using. There have been many methods and/or systems for detecting the texting while walking. Most of them, however, needed some hardware devices such as accelerometer attaching bodies (1) (2) for detecting the behavior through a neck tilt angle. The Kinect was also used for recognizing the walking behavior in former methods (3) . On the other hand, unique methods have developed for estimating person pose from a monocular camera image (4) (5) (6) .
Here, we propose an Openpose based method for detecting the texting while walking. The proposed method separates the problem walking from normal one only by using positions of human body 25 keypoints estimated by the Openpose (7) (8) . The basis of the method is the fact that human joints do not move randomly but have some spatial correlation among them. We extract the correlation structure into covariance matrices for both normal walking and one with using a phone, respectively. A canonical correlation analysis enhances the difference between the both walking behaviors. The 1 st canonical score is used as an index for the detection. (8) The OpenPose is a software system developed at Carnegie Mellon University. The OpenPose estimates positions of human body 25 keypoints in an image or video captured by a monocular camera. Table 1 deep learning. The keypoint positions are provided through the json file as coordinates x and y on the image with the degree of confidence c.
Principle and Procedures

OpenPose
Pose Vector and Covariance Matrix
We apply the OpenPose to every scene in video capturing a walking behavior. We extract the coordinates x and y for all body keypoints from the generated json file. For the k-th scene coordinates xi k and yi k (i = 0, 1, … , m-1), we define a vector qk as where, subscripts mean keypoint number, and superscript t transpose. We cancel the person movement by subtracting coordinates of the MidHip position (number 8) from those of the elements, and define pose vector pk as Using all N scenes in the video, we calculate the covariance matrix and call it behavior matrix as where, P is a matrix with the pose vectors in columns as and Now, human behaviors are coded into the behavior matrix. We consider that correlation structure of the matrix represents some features of the behaviors such as normal walking or texting while walking. Thus, we use the OpenPose as a behavior coder with detecting humans in a scene. Next, we extract the information from the matrix and evaluate the difference between two behaviors.
Canonical Correlation Analysis and Score
The proposed method detects a special behavior by separating it from another one. The separation is reduced to quantitatively evaluate the difference between two covariance matrices. Let be the behavior matrix for a normal walking, and a special walking to be detected. We calculate a matrix as where, a spectral decomposition is used for the calculation. The special correlation structure in against to is emphasized by the normalization. For integrating the emphasized differences into a score, we need a projection vector.
Let L be a rotation matrix which diagonalizes the matrix as where, are the eigen values of the matrix, and L consists of the eigen vectors having the same order with the eigen values as and Thus, the projection vector is obtained as the first row of matrix B as and the score is estimated by an inner product as for the k-th scene pose vector.
Once we obtain the projection vector, we can evaluate the behavior using a scene.
Correcting positions of the Key-Points
The coordinates of human body keypoints obtained by the OpenPose include positional fluctuation based on recognition uncertainty, and in some cases, the right and left legs may be swapped or one may not be recognized. Some of the slight fluctuations are statistically smoothed in applying the canonical correlation analysis, but severe misrecognitions should be corrected. Some of them are found by the degree of confidence. We correct those keypoint coordinates by using a linear interpolation as where, coordinates having low confidence in the k-th scene are replaced with the mean of those in both the (k-1)-th and the (k+1)-th scenes. The correction works for isolated misrecognition, but does not work for sequential ones. We currently correct those remaining low confidence coordinates manually.
Procedures of the Proposed Method
In applying the proposed method, various walking behaviors are firstly captured into video. Then videos are decomposed into sequential images, and the OpenPose is applied to all the images. Coordinates of the body keypoints are extracted from the json file corresponding to the image. After checking and correcting the coordinates, they are used to produce the projection vector and to detect the special walking behavior.
Experiments and Discussion
In order to evaluate the performance of the proposed method, we applied the method to eight videos captured for three persons with three types of walking as listed in Table 2 . Camera was placed so that its optical axis was perpendicular to a wall, and persons walked parallel to the wall as shown in Fig. 1 . Table 2 . Eight video data processed We found not a few misrecognitions in the keypoints coordinages as shown in Figs.3. One frequent of them was reduction, that is, both legs ware recognized as one leg. Other remarkable ones were leg swaps. Keypoint coordinates on both legs often swapped.
Besides, right arm behind the body was some- Fig. 2 Examples of captured data with OpenPose outputs.
(a) (b) (c) Fig. 3 Legs were recognized as one leg (a), and legs swapped in sequential two scenes (b) and (c). times not recognized. We detected those misrecognitions by using the degree of confidence and corrected them by using Eq.(12). Those not automatically detected were manually corrected. Now, we applied the method to the eight videos. Figure 4 shows an example of the position correction of the keypoints due to the misrecognition. In Fig.4 , blue line shows y coordinate of the original position of the left elbow in a walking behavior and the red one those after correction. The misrecognition affects the mean value of the data, which may add unexpected bias components to the covariance matrix and distort the correlation structure. For getting the higher performance, we have to do the position correction carefully. After correcting the misrecognitions, we applied the proposed method to some pairs of the data listed in Table 2 . walking with and without using a smartphone. Actually, we calculate covariance matrices  using pose vectors estimated from V1 and  from V2, respectively, for person A, and obtained the canonical scores for both sets of pose vectors in a stable walking region. For other persons, we applied the method with the same manner. In those results, the scores were separated well from each other. Although there is some overlap, we can detect the texting while walking with using an appropriate threshold. In the point of view of score fluctuation, the result for person C gave us the best separation. This means that the OpenPose had less misrecognition for person C. In fact, we confirmed that keypoint swaps in left and right legs were small for person C.
Results and Discussion
The keypoint misrecognition rate may change depending on the clothes worn by a person. We consider that keypoints for persons A and B probably contained misrecognitions which could not be corrected.
Next is the detection of walking while using a smartphone in the right hand and with a bag on the left arm. Red line indicates the score for normal walking and green for one with bag and phone. Although, there are some overlaps in the result for person B, scores are well separated for the person A. Finally, we tried to evaluate the generality of the method. We obtained canonical scores for three pose vectors estimated from V1, V2 and V3, respectively, for person A as the inner products with the projection vector b0 calculated from V8 and V7 for person C. Figure 7 shows those scores, where red line indicates normal walking, blue walking with phone, and green with both bag and phone. Although red and blue lines were overlapped, green one was clearly separated from the others. This means that some types of walking with using smartphones can be detected by using an appropriate projection vector. We also consider that this result was affected by quality of data (misrecognition rate), person size, and other unknown parameters. For solving those problems, some methods will be required to correct the misrecognition for improving data quality and to normalize raw data for getting the score free from person size and his/her walking direction. 
Conclusions
We proposed a method to detect so called "texting while walking" from coordinates of human body 25 keypoints estimated by OpenPose.
The method was based on the fact that human joint points cooperatively move according to a behavior. The movement of them had a unique spatial correlation structure on the behavior. We extracted information on the correlation structure as a covariance matrix of pose vectors. Finding the difference between normal walking and one with using smartphone was reduced to emphasizing the difference between the two covariance matrices. We achieved the process by applying a canonical correlation analysis to those covariance matrices. The 1 st canonical score well separated the walking behaviors. The method was successfully applied to three persons with three types of walking behaviors.
Our project has just started and there are some problems to be solved in order to apply the method more stably with sufficient accuracy.
As the OpenPose may yield misrecognitions such as legs swap, developing a new algorithm for finding and correcting the misrecognitions is the first subject for a future study. The second one is to develop a normalizing algorithm for generalizing the proposed method. The third one is to expand the method to detecting other human behaviors.
